Cpage 1, after the title, insert 



* 



--REFERENCE TO RELATED APPLICATION 
This application is a divisional of application Serial No. 09/138,306 filed August 21, 
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In the Claims 

Cancel claims 1-22 and 49. 
Amend claims 23-48 as shown. 



23 . (Unchanged) A method ofjfiaking a magnetic read head wherein the read 

head has a read region that has first and second skies that extend substantially perpendicular to 
the ABS, first and second end regions that are adjacent the first and second sides respectively and 
the read region and first and second end regions being adjacent the ABS, comprising: 

forming a first shield layer; 

forming an insulation layer on4he first shield layer; 

forming an antiferromagnetic oxide film on the insulation film; 

forming a spin valve senator with a non-magnetic layer directly on a first gap layer, the 
first gap layer comprising a bi-l/yer of said insulation film and said antiferromagnetic oxide film; 

forming a mask on/ftie spin valve sensor with first and second openings at first and 
second lead layer sites wh/rein the first and second openings define first and second side edges 
of a spin valve sensor to be located in the read region; 

milling awa\/spin valve sensor material in the first and second openings to expose the 
antiferromagnetic/oxide film; 

forming/first and second lead layers on the antiferromagnetic oxide film in the first and 
second openings; 

rercfoving the mask; 

arming a second gap layer on the spin valve sensor and the first and second lead layers; 

and 

forming a second shield layer on the second gap layer. 
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1 24. (Unchanged) A method as claimed in claim 23 wherein the first and 

2 second lead layers have a ferromagnetic film formed direcfly on the antiferromagnetic oxide film 

3 in the first and second end regions respectively. / 

1 25. (Unchanged) A method a/ claimed in claim 24 wherein the spin valve 

2 sensor is formed in the presence of a magnetic fidd that is directed perpendicular to the ABS and 

3 the first and second lead layers are formed in/the presence of a magnetic field that is directed 

4 parallel to the ABS. / 

1 26. (U nchanged) A Method of making a magnetic read head wherein the read 

2 head has a read region that has first ancr second sides that extend substantially perpendicular to 

3 the ABS, first and second end regions/that are adjacent the first and second sides respectively and 

4 □ the read region and first and second end regions being adjacent the ABS, comprising: 

5 qj forming a first shield laye/; 

6 TU forming an insulation fimi on the first shield layer; 

7 rg forming an antiferromagnetic oxide film on the insulation film; 

8 ' i forming a spin valvtf sensor on a first read gap layer which comprises bi-layer of said 

9 a insulation film and said antiferromagnetic oxide film; 

1 0 [~ said forming of the spin valve sensor including: 

1 1 TU forming af non-magnetic seed layer directly on the antiferromagnetic oxide film; 

12 % forming a ferromagnetic free layer on the non-magnetic seed layer; 

1 3 u forming a electrically conductive non-magnetic spacer layer on the free layer; 

1 4 foraiftig a ferromagnetic pinned layer on the electrically conductive non-magnetic 

15 spacer laye/; 

16 fomring an antiferromagnetic metallic layer of Ni-Mn on the ferromagnetic 

1 7 pinned layer; 

1 8 yforming a cap layer on the antiferromagnetic metallic layer; 

1 9 / annealing the ferromagnetic pinned layer and the antiferromagnetic metallic layer 

20 of Ni^Mn at 240°-280° for 2-10 hours in a field that is directed transverse to the ABS; 

2 1 / forming a mask with first and second openings at the first and second end regions 

22 wherein the first and second openings define said first and second sides of the read 

2 3 /region; 
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milling away the spin valve sensor withij/each of the first and second openings 
to expose the antiferromagnetic oxide film; 

forming first and second lead layers /n the antiferromagnetic oxide film in the 
first and second openings respectively; anc 

removing the mark; 

milling away the cap layer and /portion of the antiferromagnetic metallic layer 
of the spin valve sensor and a portion/f the cap layer of the first and second lead layers; 
forming a second read gap layer onythe antiferromagnetic metallic layer and on the first 
and second lead layers; and 

forming a second shield layer on the second read gap layer. 
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27. (Unchanged) / A method as claimed in claim 26 wherein the 
antiferromagnetic oxide film is T^iO. 

28. (Unchanged) / A method as claimed in claim 27 wherein the forming each 
of the first and second lead/ayers comprises: 

forming a soft feobmagnetic film directly on the antiferromagnetic oxide film portion 
in a respective end region; 

forming a nonmagnetic adhesion film on a respective soft ferromagnetic film in a 
respective end regior 

forming an/ electrically conductive non-magnetic film on a respective non-magnetic 
adhesion film in ^respective end region; and 

forming/k non-magnetic cap layer on a respective electrically conductive non-magnetic 
film in a respective end region. 
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29./ (Unchanged) A method as claimed in claim 28 wherein the first and 

second leafd layers are formed in the presence of a field that is directed parallel to the ABS. 
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1 30. (Once Amended) A method of making a magnetic read head that has an air 

2 bearing surface (ABS), a read region that has first and second sides that extend substantially 

3 perpendicular to the ABS, first and second end regions that are adjacent the first and second sides 

4 respectivelyWd the read region and first and second end regions being adjacent the ABS, 

5 comprising: \ 

6 forming a read sensor in the read region with first and second side edges that define said 

7 first and secona sides of the read region as follows: 

8/y j firming a ferromagnetic free layer and a ferromagnetic pinned layer; 

y fqrming an electrically conductive non-magnetic spacer layer between the free 

1 0 and pinned layers; 

1 1 forming an antiferromagnetic metallic layer that exchange couples to the pinned 

12 layer; and \ 

1 3 forming a cap layer, on the antiferromagnetic metallic layer; 

14 {; y forming first aiad second lead layers in the first and second end regions with each lead 

1 5 |- a layer having a first side edge wherein the first side edge of the first lead layer is adjacent the first 
1-0 . \ 

1 6 f ?| side edge of the read sensor and the first side edge of the second lead layer is adjacent the second 

1 7 I'* side edge of the read sensoV; 

1 8 I s ™ forming first and secdnd gap layers with each gap layer located in each of the read region 

1 9 j« y and the first and second end regions; 

20 % forming the read sensorWd the first and second gap layers between the first and second 

21 p shield layers; \ 

22 forming an antifeiromagrifetic oxide film between an insulation film and the first lead 

23 layer in the first end region, between the insulation film and the read sensor in the read region 

24 and between the insulation film and the second lead layer in the second end region with the first 

25 and second lead layers being exchange coupling to the antiferromagnetic oxide film and 

26 magnetostatically coupling to the read \ensor; and 

27 the forming of the read sensor locating the free layer between the antiferromagnetic oxide 

28 film and the pinned layer. \ 
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1 31. (Unchanged) A method a/ claimed in claim 30 including: 

2 forming each of the first and second leafl layers with a ferromagnetic film so that the 

3 ferromagnetic film of each of the first and/ second lead layers exchange couples to the 

4 antiferromagnetic oxide film in the firs4 and second end regions respectively and 

5 magnetostatically couples the read sensor. / 

1 32. (Unchanged) A/method as claimed in claim 3 1 wherein the making of 

2 each lead layer includes: / 

\ 3 'A forming non-magnetic adhesion and cap films; 

« ^ forming an electrically conductive non-magnetic film between the non-magnetic adhesion 

5 and cap films; and / 

6 _ in each o f the first and second lead layers, forming the ferromagnetic film between the 

7 ;| non-magnetic adhesion film and the antiferromagnetic oxide film in the first and second end 

8 H regions, respectively. / 

1 jjj 33 • (Unchanged) A method as claimed in claim 32 wherein the 

2 i»* antiferromagnetic metallifc layer is selected from the group Ir-Mn, Ni-Mn, Rh-Mn, Pt-Mn, Pd-Pt- 

3 u Mn and Cr-Pt-Mn. / 

1 34 - (Unchanged) A method as claimed in claim 32 wherein the 

2 .;l antiferromagnetic efxide film is selected from the group NiO and <x-Fe 2 0 3 . 

1 35. (/Unchanged) A method as claimed in claim 34 wherein the 

2 antiferromagnetic metallic layer is selected from the group Ir-Mn, Ni-Mn, Rh-Mn, Pt-Mn, Pd-Pt- 

3 Mn and Cr-P^Mn. 

1 36./ (Unchanged) A method as claimed in claim 32 wherein the non-magnetic 

2 seed laye/ is Ta, the free film is Ni-Fe, the spacer layer is Cu, the pinned layer is Co and the 

3 antiferrdinagnetic metallic layer is Ni-Mn. 
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37. (Unchanged) A method/ as claimed in claim 36 wherein the 
antiferromagnetic oxide film is selected from We group NiO and cc-Fe 2 0 3 . 

38. (Unchanged) A nfethod as claimed in claim 32 wherein the 
antiferromagnetic oxide film is NiO and^the ferromagnetic film of each of the first and second 
lead layers is Ni-Fe. 
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39. (Unchanged) / A method as claimed in claim 32 wherein the second gap 
layer interfacially engages the Antiferromagnetic metallic layer. 

40. (Unchanged) A method as claimed in claim 39 wherein the 
antiferromagnetic metallic layer is Ni-Mn. 

41 . (Unchanged) A method as claimed in claim 40 wherein a thickness of 
the metallic antifefromagnetic layer is 15 - 25 nm. 

42. /(Unchanged) A method as claimed in claim 41 wherein the 
antiferromagnetic oxide film is NiO and the ferromagnetic film of each of the first and second 
lead layers is Ni-Fe. 



43. (Once Amended) A method of making a merged magnetic head that has a 
reacf head and a write head wherein each head forms a portion of an air bearing surface (ABS) 
and the read head has a read region that has first and second sides that extend substantially 
perpendicular to the ABS, firsLnd second end regions that are adjacent the first and second sides 
respectively and the read regi^ and first and second end regions being adjacent the ABS, 
comprising: 

making the read head as follows: 

forming a multi-layered read sensor in the read region with first and second side 
edges that define said first and &cond sides of the read region, and with one of its layers 
being a non-magnetic layer; 
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firming first and second lead layers in the first and second end regions with each 
lead layei having a first side edge wherein the first side edge of the first lead layer is 
adjacent the first side edge of the read sensor and the first side edge of the second lead 
layer is adjkcent the second side edge of the read sensor; 

forrriing first and second insulation gap layers with each insulation gap layer 
located in each of the read and first and second end regions; 

forming ferromagnetic first and second shield layers with the read sensor and the 
first and second insulation gap layers located between the first and second shield layers; 
and 

forming kn antiferromagnetic oxide film between the first insulation gap layer 
film and the first lfead layer in the first end region, between the first insulation gap layer 
and the read sensoAin the read region and between the first insulation gap layer and the 
second lead layer in ttie second end region with the first and second lead layers exchange 
coupling to the antiferromagnetic oxide film and magnetostatically coupling to the first 
and second side edges Yespectively of the read sensor; and 

the forming of the read sensor forming the non-magnetic layer directly on the 
antiferromagnetic oxide film; 
making the write head as follows: 

employing the seconfl shield layer as a first pole piece layer; 

forming a second poleWece layer; 

forming a write gap laj^r that separates the first and second pole pieces at the 

ABS; 

connecting the first and second pole piece layers at a back gap; 
forming an insulation stack >Wh at least one coil layer embedded therein between 
the first and second pole piece layersV d between the ABS and said back gap. 



44. (Unchanged) \A method as claimed in claim 43 comprising: 

making a read head as follows:- 

forming a ferromagnetic ffee layer and a ferromagnetic pinned layer; 

forming an electrically conductive non-magnetic spacer layer between the free 
and pinned layers; 
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forming an antiferromagnetic metallic layer that exchange couples to the pinned 
layer; and 

forming a cap layer; 

forming each of the first and second lead layers with a ferromagnetic film so that the 
ferromagnetic film of each of the first and second lead layers exchange couples to the 
antiferromagnetic oxide film in tie first and second end regions respectively and 
magnetostatically couples to the first a id second side edges respectively of the read sensor; 

forming non-magnetic adhesio i and cap films; 

forming an electrically conductive non-magnetic film between the non-magnetic adhesion 
and cap films; and I 

in each of the first and second lead layers, forming the ferromagnetic film between the 
non-magnetic adhesion film and the antiferromagnetic oxide film. 



45. (Unchanged) 
antiferromagnetic oxide film is selected 



46. (Unchanged) 
antiferromagnetic metallic layer is selected 
Mn and Cr-Pt-Mn. 



47. (Unchanged) 
the second gap layer interfactially 
the antiferromagnetic metallic 



A method as claimed in claim 44 wherein the 
from the group NiO and ce-Fe 2 0 3 . 



A method as claimed in claim 45 wherein the 
from the group Ir-Mn, Ni-Mn, Rh-Mn, Pt-Mn, Pd-Pt- 



48. (Unchanged) 
a thickness of the antiferroma 



A method as claimed in claim 44 wherein: 

engages the antiferromagnetic metallic layer; and 
layer is Ni-Mn. 



A method as claimed in claim 47 wherein: 
metic metallic layer is 15 - 25 nm; and 
the antiferromagnetic oxide filjm is NiO and the ferromagnetic film of each of the first 
and second lead layers is Ni-Fe. 
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Add new claim 50 as follows. 
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5(\ (New) A method of making a spin valve (SV) sensor having first and 

second end tegions separated from each other by a central region, comprising the steps of: 

forming a ferromagnetic free layer, a ferromagnetic pinned layer and a non-magnetic 
electrically conductive spacer layer in the central region with the spacer layer further located 
between the free lWer and the pinned layer; 

forming firsthand second lead layers in the first and second end regions; 
forming a continuous antiferromagnetic oxide layer in the first and second end regions 
and the central region ahd exchange coupled to the first and second lead layers in the first and 
second end regions with the first and second lead layers magnetostatically coupled to the free 
layer for stabilizing the free layer; and 

forming a non-magnetiCvspacer layer between and interfacing each of the oxide layers and 
the free layer for preventing an exchange coupling therebetween. 
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In the Abstract 

Page 44, lines 1-2, delete the title "SPIN VALVE READ HEAD WITH 
ANTIFERROMAGNETIC OXIDE FILM AS LONGITUDINAL BIAS LAYER AND 
PORTION OF FIRST READ GAP" and insert new title 1 -METHOD OF MAKING A SPTN 
VALVE READ HEAD WITH ANTIFERROMAGNETIC OXIDE FILM AS LONGITUDINAL 
BIAS LAYER AND PORTION OF FIRST READ GAP-. 

Page 44, line 10, delete "film" and substitute therefor -films- . 

line 11, delete "couples" and substitute therefor -couple- . 
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